Introduction
Atherosclerotic cardiovascular disease appears to be one of the major causes of premature death in patients with chronic renal failure and in renal transplant patients (1) (2) (3) (4) (5) . In both groups of patients, dyslipoproteinaemia is common (review in 1. c. (6, 7) ).
In non-uraemic subjects, epidemiological studies have indicated that serum high-density lipoprotein cholesterol independently of other risk factors is the most powerful lipid predictor of coronary events (8 -10) . It has also been reported that serum HOL phospholipids may have a major predictive value in the assessment of cardiovascular risk (11) . Recently, it has been reported that patients with significant coronary artery disease are more accurately identified by serum apolipoprotein A -I than by HDL-cholesterol (12) .
In uraemic patients on intermittent haemodialysis, serum HDL-cholesterol in usually decreased or in the low-normal ränge (6 -7). However, Brunzell et. al. (13) have shbwn that various levels of serum HDLcholesterol could be found for a given level of serum apolipoprotein A -I. As to renal transplant recipients, Jung et al. (14) suggested that the changes in serum HDL composition often encountered in that setting should be taken into account when considering the pathogenesis of the high incidence of cardiovascular disease in these patients.
In most studies on patients with chronic renal failure treated by dialysis or transplantation, HDL have been determined in terms of their cholesterol content. Only a few studies have been reported with determinations of serum apolipoprotein A (13) (14) (15) (16) (17) (18) (19) (20) .
The purpose of the present study in uraemic äs well äs in kidney transplant patients was to compare the atherogenic risk factors expressed äs the ratio of serum concentrations of apolipoprotein A to apolipoprotein B; the ratio of serum HDL-cholesterol to total cholesterol minus HDL-cholesterol, i. e., the cholesterol contained in serum low density and very low density lipoproteins (LDL + VLDL); and the ratio of serum HDL-phospholipids to total phospholipids minus HDL-phospholipids.
Patients and Methods

Patients
Serum lipid concentrations were studied in 4 groups of subjects: a group of 82 healthy vokmteers, a group of 61 undialysed patients with chronic renal failure, a group of 89 uraemic patients on intermittent haemodialysis, and a group of 22 renal transplant patients (tab. 1).
Tab. l. Number of subjects and mean age in each group studied. Healthy subjects were a representative sample of the same population group. They were selected during the various population screens by one of us (T. D.) äs subjects apparently in good health, excluding thyroid and hepatic diseases, diabetes mellitus, hypertension, and primary hyperlipoproteinaemia. None of the subjects were taking medications. Among the 82 subjects, a subgroup of 22 had a mean age similar to that of the uraemic patients studied.
Healthy controls
Among the group of uraemic undialysed patients, the serum creatinine concentration was beiow 400 / in 26 patients and above that value in 35. Haemodialysed patients had an average dialysis time of 46.4 ± 4.6 (SEM) months. The incidence of different types of riephropathies was similar in both latter groups. Renal transplant patients had been transplanted for more than 3 months and had ä normal or near normal glomerular function äs evidenced by a creatinine clearance 1 .33 ml/s.
Biochemical determinations
For eaeh subject, 10ml of venous blood were drawn after a 12-14 h fast.
A precipitatiön method with phosphotungstic acid-MgC! 2 using Boehringer reagent kit (ref. (25, 26) .
Expression of results and statistical analysis
Based on previously published results from determinations in -serum, we have defmed the following so^called cardiovascular risk factors: · Rl äs the ratio between the HDL-cholesterol and (total cholesterol minus HDL-cholesterol);
R2 äs the ratio between HDL-phospholipids and (total phospholipids minus HDL-phospholipids);
R3 äs the ratio between apolipoprotein A and apolipoprotein B.
All individual results were processed by Computer and the means ± SEM of each parameter calculated for each group of patients after two turns of truncation (mean ± 2SD each tirne), thereby eliminating the highest and/or lowest values which would introduce a bias in the results and render the mean values unrepresentative of the group. The test of Kolmogorov & Smirnov was applied to verify that the distribution of values in the groups of subjects was not significantly different from a Gaussian distribution. Thus, means of two groups were compared by Studenfs t test. For the group of uraemic undialysed patients and that of haemodialysed patients, the control group was composed of the 22 control patients who had a comparable mean age and sex ratio. For the group of renal transplant patients, the control group was composed of the 82 subjects who had a comparable age and sex ratio.
Results
Lipid anomalies associated with chronic renal failure Table 2 shows that uraemic subjects, with or without haemodialysis, had increased serum triglycerides compared with control subjects, and normal serum total cholesterol and phospholipids. The mean serum concentration of apolipoprotein B was significantly decreased in haemodialysed patients äs compared to control subjects, while that of uraemic undialysed patients was normal.
The analysis of the composition of HDL indicated that cholesterol content, phospholipids content and apolipoprotein A content were all decreased in both groups of uraemic patients. In fact, from these three determinations it was possible to demonstrate that the HDL of uraemic undialysed patients were decreased, because the ratios between protein and lipid components of this lipoprotein type were similar for these patients and for healthy controls. By contrast in haemodialysed patients only the ratio between apolipoprotein A and HDL-phospholipids was similar to that of control subjects, while both other ratios (HDL-cholesterol/HDL-phospholipids and apolipoprotein A/HDL-cholesterol) were significantly altered compared with that of normal subjects.
The cardiovascular risk factors were different according to whether they were established in terms of cholesterol, phospholipids or apolipoprotein. In uraemic undialysed patients all 3 ratios Rl, R2, and R3 were significantly decreased by comparison with controls. In haemodialysed patients, Rl and R2 ratios were also significantly decreased compared with those of control subjects, whereas the R3 ratio (apolipoprotein A/apolipoprotein B) was comparable. Lipid anomalies after kidney transplantation Table 3 shows a significant increase in serum triglycerides, total cholesterol, phospholipids and apolipoprotein B concentrations in renal transplant patients compared with control subjects. Mean serum HDLcholesterol and HDL-phospholipids were normal while the mean apolipoprotein A concentration was significantly decreased in renal transplant patients compared with control subjects.
All three cardiovascular risk factors were significantly decreased in these patients compared with control subjects. The apolipoprotein A/HDL-cholesterol and apolipoprotein A/HDL-phospholipids ratios were similar in patients and controls, but the HDL-cholesterol/HDL-phospholipids ratios were slightly and significantly different.
Factors associated with lipid anomalies in uraemic patients Table 4 shows that uraemic patients with a serum creatinine concentration > 400 μπιοΙ/1 had lipid anomalies that were more marked than in uraemic patients with a serum creatinine GQncentration < 400 μηιοΐ/ΐ (i. e., more marked degree of hypertriglyceridaemia, decrease of HDL-cholesterol, HDL-phospholipids and apolipoprotein A and decrease of Rl, R2, and R3).
No relation could be established between any lipid Parameter and the duration of diafysis in haemodialysed patients. The comparisons were performed using Studenfs t test between renal transplant subjects and control subjects. a, b, and c indicate p < 0.05, p < 0.01, and p < 0.001, respectively. Rl, R2 and R3 see table 2.
Tab. 4. Influence of degree of chronic renal failure on serum lipid parameters (mean ± SEM). Rl, R2 and R3 see 
Discussion
The present study confirms previously well-known lipid anomalies in ufaemic patients treated or untreated by intermittent haemodialysis, i. e., hypertriglyceridaemia, a decrease of serum HDL-cholesterol and an increase of the so-called cardiovascular risk factors (13, 15, 16, (18) (19) (20) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) . In addition, we have demonstrated that lipid anomalies were more marked in uraemic patients with more advanced renal failure than in those with moderate renal insufficiency. In the literature no relation was established between any of the serum lipid parameters and the degree of renal insufficiency (35) . In haemodialysed patients, we found no correlation between the duration of haemodialysis and the magnitude of serum lipid anomalies, a finding that agrees with another earlier report (36) . Serum HDL-phospholipids have already been found to be decreased in uraemic patients treated or untreated by haemodialysis (32, 37) , whereas apolipoprotein A has been reported to be normal (13, 16, 19) , or decreased (15, 17, 18) in haemodialysed patients. In the present study, a significant decrease in serum HDL-phospholipids and apolipoprotein A was observed in uraemic patients, with or without haemodialysis. Hypertriglyceridaemia and hypercholesterolaemia following renal transplantation have already been reported (20, 27, 28, 30, 34, 39, 40) and were also pbserved in the present study. The concentration of serum HDL-cholesterol was reported to be normal (14, 16, 27, 34, 40) , decreased (28, 30) , or even increased (19, 20) . Serum apolipoprotein A concentration was reported to be normal (16) or increased (14, 19) . In our renal transplant patients, we have observed a normal serum concentration of HDLcholesterol and HDL-phospholipids and a slightly but significantly decreased concentration of apolipoprotein A. The so-called cardiovascular risk factors were determined using either the ratio of cholesterol contained in HOL to that in (LDL + VLDL) or the ratio of apolipoprotein A to apolipoprotein B. Several studies indicated that the two modes of evaluation were not strictly superimposable, at least in the patient population with a history of myocardial infarct (12, (41) (42) (43) . In the present uraemic patients äs well äs renal transplant patients, these ratios using cholesterol or phospholipids were decreased. However, the decrease of the apolipoprotein A/apolipoprotein B ratio in uraemic and renal transplant patients lipoprotein did not parallel the decrease of the other two ratios. Thüs, the ratios of cholesterol, phospholipids and apolipoprotein A Contents were not superimposable in the three patient groups. This suggests that relative changes of the lipid and protein structure within the HDL of these patients must have occurred. It has been reported by others that the decrease in HDL-cholesterol paralleled the decrease in HDLphospholipids in haemodialysed patients (32) while the ratio between HDL-cholesterol and apolipoprotein A was decreased in these patients (16, 19) , in contrast to the close correlation between apolipoprotein A and HDL-cholesterol concentrations in controls. The correlation coefficient between apolipoprotein A and HDL-cholesterol was 0.701 in control subjects, 0.607 in uraemic undialysed and 0.432 in haemodialysed patients. Brunzell et al. (13) reported a similarly low correlation coefficient (0.34) between apolipoprotein A -I and HDL-cholesterol in a patient population receiving dialysis treatment. Uraemia could therefore interfere with the binding of cholesterol to its apoproteins, analogous to the reduction of drug or metabolite binding to plasma proteins. This phenomenon could be independent of the HDL enrichment with triglycerides äs suggested by Rapoport et al. (18) and could be a primary phenomenon. For renal transplant patients the HDL-cholesterol/ apolipoprotein A ratio has been reported to be normal (16, 19) or decreased (14) . In our study, this ratio, äs well äs the HDL-cholesterol/HDL-phospholipids and apolipoprotein A/HDL-phospholipids ratios, were normal for renal transplant patients.
If one considers that the cholesterol content of HDL reflects the protein's ability to accept cholesterol and that this is the limiting factor for cholesterol uptake from tissues, then the results of our study would be in line with the hypothesis that HDL from uraemic patients take up less cholesterol from tissues than HDL from normal healthy subjects.
In conclusion it seems difficult at present to decide whether the apolipoprotein A/apolipoprotein B ratio is a better marker in terms of cardiovascular risk factors than the ratio of HDL-cholesterol to total cholesterol minus HDL-cholesterol for uraemic and renal transplant patients. In our opinion, these two determinations should rather be treated äs complernentary to one another, in order to better understand the anomalies of the HDL composition in these patients and their probable role in the pathogenesis of their accelerated cardiovascular disease. A similar Suggestion has already been made for non uraemic patients with coronary artery disease (43) .
